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INTRODUCTION 

The s ingle  most c r i t i c a l  f a c t o r  a f f e c t i n g  t h e  h e a l t h  and s a f e t y  
o f  workers  engaged i n  t h e  coa l -winning  p r o c e s s  i s  the mine envi ronment ;  
which i s  b r o a d l y  d e f i n e d  as t h e  space  i n  which man works when under-  
ground and  i n c l u d e s  t h e  p h y s i c a l  and c h e m i c a l  c o n d i t i o n s  of t h e  s u r -  
r o u n d i n g  e n c l o s u r e  a n d  t h e  nearby  mining  equipment .  A fundamenta l  
o b J e c t i v e  of a mine v e n t i l a t i o n  system is t o  supply  t h i s  environment  
w i t h  a n  a d e q u a t e  and s u f f i c i e n t  q u a n t i t y  of uncontaminated  f r e s h  a i r .  
It is t h e  l a r g e s t  s i n g l e  l o g i s t i c s  a p p l i c a t i o n  i n  h e a l t h  and s a f e t y  
f o r  underground c o a l  m i n i n g  o p e r a t i o n s .  It is sometimes n e c e s s a r y  t o  
c o u r s e  i n t a k e  a i r  t h r o u g h  s e v e r a l  m i l e s  of  underground airways i n  o r d e r  
t o  a c h i e v e  t h i s  p u r p o s e .  Leakages w i l l  be  s e v e r e  and y e t  a n  adequate  
s u p p l y  of fresh a i r  must be d e l i v e r e d  t o  t h e  las t  open c r o s s - c u t  o u t b y  
of  t h e  a c t i v e  f a c e .  This p r o c e s s  i s  i d e n t i f i e d  as q u a n t i t y  c o n t r o l .  
Equal ly  i m p o r t a n t ,  i f  n o t  more c r u c i a l ,  i s  t h e  q u a l i t y  c o n t r o l  p r o c e s s  
d e a l i n g  w i t h  the  c o n t r o l  o f  r e s p i r a b l e  c o n t a m i n a n t s  l i b e r a t e d  d u r i n g  
mining  o p e r a t i o n s .  

The F e d e r a l  C o a l  Mine Health and S a f e t y  Act of 1969,  Sec .  3 0 3 ( b ) ,  
s t i p u l a t e s  t h a t  the  p r i m a r y  v e n t i l a t i o n  sys tem must d e l i v e r  a t  l e a s t  
9,000 cfm of u n c o n t a m i n a t e d  f r e s h  a i r  t o  t h e  l a s t  open c r o s s - c u t .  
A u x i l i a r y  v e n t i l a t i o n  s y s t e m s  a r e  r e q u i r e d  t o  s u p p l y  3 ,000  cfm t o  t h e  
c o a l  f a c e .  S e c .  202(b), ( 2 ) ,  o f  t h e  1969 Act s t a t e s  t h a t  each mine 
o p e r a t o r  s h a l l  c o n t i n u o u s l y  m a i n t a i n  a n  a v e r a g e  c o n c e n t r a t i o n  of  res- 
p i r a b l e  d u s t  i n  t h e  mine environment  d u r i n g  e a c h  s h i f t  a t  o r  below 
2 . 0  mg/m3. R e s p i r a b l e  d u s t  c a n  be  d e f i n e d  as s o l i d  c o a l  p a r t i c l e s  i n  
t h e  minus 1 0  micron  r a n g e  which become a i r b o r n e  and d o  n o t  s e t t l e  e a s i l y .  

With r e s p e c t  t o  g a s e o u s  c o n c e n t r a t i o n ,  t h e  1969 Act s t a t e s  t ha t  no  
working s e c t i o n  o f  t h e  mine s h a l l  c o n t a i n  more t h a n  0.5 p e r c e n t  c a r b o n  
d i o x i d e  and no h a r m f u l  q u a n t i t i e s  o f  o t h e r  n o x i o u s  o r  poisonous  g a s e s  
s u c h  as t h e  o x i d e s  of n i t r o g e n .  The c o n c e n t r a t i o n  o f  methane s h o u l d  a t  
a l l  times be m a i n t a i n e d  below one p e r c e n t .  A s p l i t  of a i r  r e t u r n i n g  
from any working s e c t i o n  s h a l l  c o n t a i n  no more t h a n  1 . 5  p e r c e n t  of 
methane and a i r  t h a t  has p a s s e d  by a n  o p e n i n g  of any abandoned area 
sha l l  n o t  be used  t o  v e n t i l a t e  any working p l a c e  i n  t h e  c o a l  mine if 
s u c h  a i r  c o n t a i n s  more than 0.25 p e r c e n t  methane.  Methane concen- 
t r a t i o n  i n  t h e  r e t u r n s  f rom t h e  bleeder  e n t r i e s  s h o u l d  n o t  exceed 2 . 0  
p e r c e n t ,  and no a i r  t ha t  has p a s s e d  t h r o u g h  a n  opening  which is  i n a c c e s -  
s i b l e  f o r  e x a m i n a t i o n  s h a l l  b e  used t o  v e n t i l a t e  any a c t i v e  a r e a s .  While 
t h e  a i r  q u a n t i t y  r e q u i r e m e n t s  a l o n e  can  e a s i l y  be met, t h e  g o v e r n i n g  con- 
d i t i o n  i n  m o s t  mines i s  t h e  d i l u t i o n  r e q u i r e m e n t s  f o r  q u a l i t y  c o n t r o l .  A 
s u f f i c i e n t  q u a n t i t y  o f  a i r  is r e q u i r e d  t o  r e n d e r  harmless and c a r r y  away 
noxious  and  r e s p i r a b l e  p o l l u t a n t s .  

Good v e n t i l a t i o n  i s  e s s e n t i a l  f o r  e f f i c i e n t  mine o p e r a t i o n .  On one 
hand,  a v a i l a b l e  v e n t i l a t i o n  f a c i l i t i e s  p l a c e  c e r t a i n  l i m i t a t i o n s  on pro-  
d u c t i o n  l e v e l .  On t h e  o t h e r  hand,  v e n t i l a t i o n  p o s s i b i l i t i e s  and r e q u i r e -  
ments cannot  b e  d e f i n e d  o t h e r  t h a n  i n  r e l a t i o n  t o  a p r o d u c t i o n  p l a n .  
Thus, v e n t i l a t i o n  and  p r o d u c t i o n  p l a n n i n g  are  i n t e r d e p e n d e n t .  Exper ience  
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i n  t h e  l a s t  decade  h a s  shown t h a t  t h e  development  of l a r g e r  and more 
powerfu l  machines  for h i g h e r  p r o d u c t i o n  r a t e s  c a l l s  f o r  i n c r e a s e d  
s o p h i s t i c a t i o n  i n  v e n t i l a t i o n  p l a n n i n g .  Over t h e  l a s t  t w e n t y  y e a r s ,  
v e n t i l a t i o n  s t a n d a r d s  have r i s e n  s t e a d i l y  and s t r i n g e n t  r e g u l a t i o n s  
have been e n a c t e d .  It i s  a l s o  e v i d e n t  t h a t  i n  t h e  n e a r  f u t u r e ,  ven- 
t i l a t i o n  r e q u i r e m e n t s  w i l l  become i n c r e a s i n g l y  more demanding. The 
t r e n d  i s  a consequence of change i n  b o t h  mining  c o n d i t i o n s  and e q u i p -  
ment. These changing  c o n d i t i o n s ,  such  as h i g h e r  p r o d u c t i o n  from fewer 
mines ,  e x t r a c t i o n  of t h i n n e r  seams, i n c r e a s i n g  d e p t h  o f  workings  and 
a d d i t i o n a l  i n s t a l l e d  horsepower ,  i n f l u e n c e  t h e  p l a n n i n g  and d e s i g n  of  
v e n t i l a t i o n  s y s t e m s .  It i s  , t h e r e f o r e ,  becoming i n c r e a s i n g l y  i m p o r t a n t  
t h a t  v e n t i l a t i o n  r e q u i r e m e n t s  s h o u l d  be  a d e q u a t e l y  a s s e s s e d  a t  t h e  p l a n -  
n i n g  s t a g e .  

COMPUTERS I N  MINE VENTILATION STUDIES 

The r o l e  which computers  c a n  p l a y  i n  e v a l u a t i n g  v e n t i l a t i o n  para-  
m e t e r s  and p r o c e s s e s  i s  t remendous .  During t h e  p a s t  d e c a d e ,  t h e  r o l e  
of  t h e  d i g i t a l  computer  h a s  expanded i n  a n  u n p r e c e d e n t e d  manner f rom 
p u r e l y  commercial  a p p l i c a t i o n s  t o  problems i n v o l v i n g  t h e  d e s i g n ,  main- 
t e n a n c e ,  and c o n t r o l  o f  t e c h n i c a l  s y s t e m s .  Major development  o f  com- 
p u t e r  a p p l i c a t i o n s  for mine v e n t i l a t i o n  h a s  been i n  t h e  f i e l d  of  ven- 
t i l a t i o n  p l a n n i n g .  When a n  enormous amount of d a t a  h a s  been  c o l l e c t e d ,  
a computer can  be  used  a d v a n t a g e o u s l y  t o  r e l i e v e  t h e  v e n t i l a t i o n  e n g i n e e r  
from t h e  ted ium o f  r o u t i n e  r e p e t i t i v e  c a l c u l a t i o n s .  I n  a d d i t i o n ,  d i g i t a l  
d a t a  p r o c e s s i n g  h a s  b o t h  s h o r t  and l o n g  t e r m  s i g n i f i c a n c e .  Long range  
d a t a  p r o c e s s i n g  i n v o l v e s  such  o b s e r v a t i o n s  which a re  r o u t i n e  and are 
b e i n g  c o n t i n u a l l y  r e c o r d e d .  An accumula t ion  of  such  d a t a  c o u l d  b e  t e s t e d  
for s t a t i s t i c a l l y  s i g n i f i c a n t  t r e n d s  ( 6 ) .  T h i s  i n f o r m a t i o n  c o u l d  t h e n  
b e  used i n  p l a n n i n g  t h e  v e n t i l a t i o n  of new s e c t i o n s  or a d j a c e n t  mining  
o p e r a t i o n s .  S h o r t  t e r m  d a t a  p r o c e s s i n g  i n v o l v e s  s p o t  t e s t i n g  and check-  
i n g  o f  such  p a r a m e t e r s  as f a n  per formance ,  optimum roadway s i z e s ,  a i r  
horsepower l o s s e s ,  and s t a t i s t i c a l  e x a m i n a t i o n  of  i n f o r m a t i o n  s u r v e y s .  

Development o f  computer ized  methods of  c a l c u l a t i o n s  i s  o n l y  one 
a s p e c t  of t h e  use  o f  d i g i t a l  machines  by r e s e a r c h  p e r s o n n e l .  An example 
o f  v e n t i l a t i o n  r e s e a r c h  which i s  comple te ly  computer  dependent  i s  t h e  
t h e o r e t i c a l  i n v e s t i g a t i o n s  t o  s t u d y  t h e  p a t t e r n s  of methane f l o w s  and 
r a t e s  i n t o  t h e  mine o p e n i n g s  from t h e  roof, s i d e s ,  and f l o o r .  Mathemat ica l  
models have been developed  which e n a b l e  t h e  computer  t o  s i m u l a t e  g a s  f low 
r a t e s  w h i l e  v a r y i n g  such  p a r a m e t e r s  as t h e  p o s i t i o n  and e m i s s i v i t y  of  t h e  
g a s  s o u r c e s ,  boundary p r e s s u r e s ,  and t h e  p e r m e a b i l i t i e s  of  t h e  i n t e r v e n -  
i n g  s t r a t a .  

The a p p l i c a t i o n  of energy  and mass t r a n s p o r t  phenomena, or more 
a p p r o p r i a t e l y ,  phys ico-chemica l  p r i n c i p l e s ,  t o  q u a n t i f y  mining  e n g i n -  
e e r i n g  p a r a m e t e r s  f o r  q u a l i t y  and  q u a n t i t y  c o n t r o l  o f  t h e  mine e n v i r o n -  
ment h a s  t a k e n  an u n p r e c e d e n t e d  o u t l o o k  s i n c e  t h e  a d v e n t  o f  d i g i t a l  com- 
p u t e r s .  These machines  e n a b l e  complex problems i n  v e n t l l a t i o n  t o  be  
modeled and s o l v e d  n u m e r i c a l l y .  It i s ,  t h e r e f o r e ,  n o t  s u r p r i s i n g  t h a t  
s o l u t i o n  of  problems of  t e m p e r a t u r e  and h u m i d i t y ,  f l u i d  f l o w  dynamics,  
and t o x i c  e m i s s i o n  d i l u t i o n  i n  t h e  mine envi ronment  a r e  b e i n g  a t t e m p t e d  
t h r o u g h  m a t h e m a t i c a l  models and computers .  The p a r a m e t e r s  o b t a i n e d  from 
such  n u m e r i c a l  e s t i m a t i o n  can  t h e n  b e  u t i l i z e d  i n  e n g i n e e r i n g  and p r o -  
c e s s  c o n t r o l .  

Today, more t h a n  e v e r ,  much a t t e n t i o n  i s  b e i n g  f o c u s e d  on t h e  de- 
velopment of  a s y s t e m  of  remote m o n i t o r i n g  and c o n t r o l  of e n v i r o n m e n t a l  
p a r a m e t e r s .  S i g n i f i c a n t  p r o g r e s s  i s  b e i n g  r e p o r t e d  i n  remote  s e n s i n g  
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and m o n i t o r i n g  of e n v i r o n m e n t .  Some work h a s  a l r e a d y  been  done i n  t h e  
Uni ted  Kingdom on a u t o m a t i c  m o n i t o r i n g  of  a methane d r a i n a g e  sys tem.  
Such a u t o m a t i c  c o n t r o l s  can  be ex tended  t o  o t h e r  e n v i r o n m e n t a l  p a r a -  
meters such  a s  heat  and  h u m i d i t y ,  t e m p e r a t u r e  and  d u s t  l eve ls .  A s  
s t u d i e s  are  p e r f e c t e d  i n  t h e  d e t e r m i n a t i o n  of  s u i t a b l e  p a r a m e t e r s  f o r  
c o n t r o l ,  t h e i r  r a n g e  o f  o p e r a t i o n  and c h o i c e  of  m o n i t o r i n g  s i t e s ,  these 
advances  c a n  e v e n t u a l l y  be u s e d  t o  d e v e l o p  o n - l i n e  computer  c o n t r o l  
sys tems o f  t h e  c o m p l e t e  mine envi ronment .  

VENTILATION NETWORK ANALYSIS 

The t h e o r y  o f  ne twork  a n a l y s i s  has l o n g  p l a y e d  a n  i m p o r t a n t  ro le  
i n  many b r a n c h e s  o f  e n g i n e e r i n g  s c i e n c e s .  T r a n s p o r t a t i o n  and o t h e r  
d i s t r i b u t i o n  problems h a v e  been  s o l v e d  by  a p p l y i n g  t o o l s  o f  network 
a n a l y s i s .  L i t e r a t u r e  r e v i e w  r e v e a l s  t h a t  t h e  a p p l i c a t i o n  o f  t h i s  t h e o r y  
t o  mine v e n t i l a t i o n  p l a n n i n g  and network a n a l y s i s  i s  a r e c e n t  develop-  
ment .  There  h a s ,  however ,  been  a growing awareness  i n  r e c e n t  y e a r s  t h a t  
c e r t a i n  c o n c e p t s  of ne twork  t h e o r y  c a n  be s u c c e s s f u l l y  a p p l i e d  i n  many 
o t h e r  f i e l d s  as w e l l .  It i s ,  t h e r e f o r e ,  n o t  s u r p r i s i n g  t h a t  i n  t h e  las t  
t e n  y e a r s ,  t h e s e  t o o l s  have  found i n c r e a s i n g  a p p l i c a t i o n  i n  mine ven- 
t i l a t i o n  network a n a l y s i s .  

The m a j o r  advance  i n  v e n t i l a t i o n  network a n a l y s i s  i n  t h e  l a s t  decade 
has been ,  t h e r e f o r e ,  t he  development  o f  computer  programs c a p a b l e  o f  de- 
v e l o p i n g  a n d  s o l v i n g  t h e  s y s t e m s  of e q u a t i o n s  d e f i n e d  by t h e  j u n c t i o n  
and p r e s s u r e  l a w s .  E v e r  s i n c e  Hardy-Cross i t e r a t i v e  t e c h n i q u e  (4) was 
a d a p t e d  and m o d i f i e d  by S c o t t  and H i n s l e y  (13) f o r  t h e  s o l u t i o n  o f  
v e n t i l a t i o n  network p r o b l e m s ,  s e v e r a l  programs have  been  developed  t o  
s o l v e  f o r  m i n e  v e n t i l a t i o n  parameters. A b r i e f  d e s c r i p t i o n  o f  most o f  
t h e  q u a n t i t y  f l o w  mine v e n t i l a t i o n  programs i s  p r e s e n t e d  by  Geiger  ( 5 ) .  

METHANE GENERATOR MODELS 

The q u a n t i t y  of  methane emit ted i n t o  t h e  mine atmosphere and t h e  
movement of gas t h r o u g h  s o l i d  c o a l  and t h e  a d j o i n i n g  c o u n t r y  rock  are 
dependent on g a s  e m i s s i v i t y ,  boundary c o n d i t i o n s ,  and t h e  i n i t i a l  gas 
d i s t r i b u t i o n  p r e s s u r e s  and  t h e  combina t ion  o f  n a t u r a l  and mining f a c -  
t o r s .  F u n c t i o n a l  r e l a t i o n s h i p s  between t h e s e  f a c t o r s  are n o t  y e t  
known. Consequent ly ,  t h e  development  o f  r i g o r o u s  m a t h e m a t i c a l  equa- 
t i o n s  t o  s imula t e  methane f l o w  i n t o  t h e  mine a i r  i s  d i f f i c u l t ,  and 

t i o n .  S e v e r a l  r e s e a r c h e r s  i n  many p a r t s  o f  t h e  world have a t t e m p t e d  
t o  q u a n t i t a t i v e l y  d e s c r i b e  t h e  p a t t e r n  o f  g a s  e m i s s i o n  i n  mines a s  
f u n c t i o n s  o f  seam charac te r i s t ics  and t h e  c o n f i n i n g  g a s  p r e s s u r e  (1,2,9), 
none w i t h  comple te  s u c c e s s .  

tc flSt.3, 2" mnlnl hzs h_ccr, r c p o i - t o <  ;;hick* 5 s  o;pa"u;i. of S U C i i  & fuy ,c -  

Thus far ,  e m p i r i c a l  f o r m u l a s  a v a i l a b l e  for t h e  c a l c u l a t i o n  of  gas  
released from underground s o u r c e s  a p p e a r  amenable  t o  a n a l y t i c a l  compu- 
t a t i o n .  These e s t i m a t i o n s  are  a t  b e s t  o n l y  c r u d e l y  approximate .  The 
n u m e r i c a l  methods a v a i l a b l e  have  not  been made p r a c t i c a l  enough f o r  u s e  
i n  t h e  i n d u s t r y .  T h e r e f o r e ,  a r e l a t i o n s h i p  amenable t o  n u m e r i c a l  a n a l y -  
s i s  and p r a c t i c a l  enough f o r  a p p l i c a t i o n  i n  t h e  . i n d u s t r y  would p r o v i d e  
t h e  f l e x i b i l i t y  l a c k i n g  i n  a n a l y t i c a l  a p p r o a c h e s .  The m a t h e m a t i c a l  model 
deve loped  and p r e s e n t e d  by Owil i -Eger  ( 1 0 )  i s  y e t  a n o t h e r  a t t e m p t  t o  
c o r r e l a t e  as many f low g o v e r n i n g  p a r a m e t e r s  i n  a s i n g l e  e q u a t i o n .  T h i s  
mode l  s o l v e s  gas f l o w - r a t e s  i n t o  mine workings  from c o a l  seams and i n -  
t e r v e n i n g  layers of r o c k s  and i s  d e s i g n e d  t o  h a n d l e  o n l y  two d i m e n s i o n a l  
s t e a d y  s ta te  f low s y s t e m s .  It r e p r e s e n t s  a modifaed gas d i f f u s i o n  sys tem 
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fo r  f low t h r o u g h  porous  media.  Mathemat ica l  c o n s i d e r a t i o n s  and d e r i v a -  
t i o n  O f  t h e  f low e q u a t i o n  are  p r e s e n t e d  i n  t h e  r e f e r e n c e .  

I 

V a r i o u s  i n v e s t i g a t o r s  have  shown t h a t  t e m p e r a t u r e  a l s o  a f f e c t s  t h e  
ra te  of g a s  f l o w .  However, a t  t e m p e r a t u r e s  u s u a l l y  e n c o u n t e r e d  i n  mines,  
methane h a s  a v e r y  low r a t e  of d i f f u s i o n .  A s  l o n g  as s h a l l o w  d e p o s i t s  
a r e  b e i n g  e x t r a c t e d ,  t h e  e f f e c t  of t e m p e r a t u r e  on t h e  r a t e  of g a s  flow 
w i l l  r emain  i n s i g n i f i c a n t .  A t  g r e a t  d e p t h  where r o c k  t e m p e r a t u r e  w i l l  
be  h i g h ,  t e m p e r a t u r e  w i l l  a f f e c t  f l o w r a t e  o f  g a s  and has t o  be  c o n s i d e r e d .  
The c h e m i s t r y  of multi-component mul t i -phase  systems h a s  a l s o  been  con- 
s i d e r e d  i n  a r e c e n t  r e p o r t  on methane f low m o d e l l i n g  ( 1 2 ) .  It h a s  been 
p o i n t e d  o u t  t h a t  t h e  p r e s e n c e  o f  water a f f e c t s  t h e  m i g r a t i o n  c h a r a c t e r -  
i s t i c s  of methane i n  c o a l  seams even  though t h e  two f l u i d s  a r e  s a i d  t o  
be  c h e m i c a l l y  u n r e a c t i v e .  

HEAT A N D  H U M I D I T Y  CONTROL 

Temperature  and humidi ty  c o n t r o l  i s  i m p o r t a n t  i n  t h e  f a c e  a r e a ,  o r  
more g e n e r a l l y ,  any a c t i v e  s e c t i o n  of t h e  mine where men a r e  exposed  t o  
t h e  environment  f o r  as l o n g  as  a s h i f t .  F a c t o r s  t h a t  a f f e c t  t h e  tempera-  
t u r e  of t h e  v e n t i l a t i n g  a i r  i n  s u c h  areas are t h e  p r e s e n c e  of men and 
machines ,  t h e  t e m p e r a t u r e  o f  t h e  incoming a i r ,  c h e m i c a l  o x i d a t i o n  of 
c o a l ,  e v a p o r a t i o n  of water which may e x t r a c t  p a r t  of t h e  l a t e n t  h e a t  
from the  a i r  and t h e  h e a t  t r a n s f e r  from t h e  s u r r o u n d i n g  s t r a t a .  T h i s  
las t  f a c t o r  i s  v e r y  s i g n i f i c a n t  e s p e c i a l l y  i n  deep  mines where wa l l  
r o c k  t e m p e r a t u r e  i s  much h i g h e r  t h a n  t h a t  o f  t h e  incoming v e n t i l a t i o n  
s t r e a m .  I n  t h e  U . S .  c o a l  mines t o d a y ,  r i s e  i n  t e m p e r a t u r e  and humidi ty  
as a r e s u l t  of  heat t r a n s f e r  from t h e  wall r o c k  i s  n o t  s i g n i f i c a n t  be- 
c a u s e  c o a l  seams b e i n g  mined p r e s e n t l y  are v e r y  s h a l l o w  - l e s s  t h a n  
1500  f e e t .  However, t h e s e  c o a l  r e s e r v e s  a r e  b e i n g  d e p l e t e d  at  a v e r y  
f a s t  r a t e .  It i s  o n l y  l o g i c a l  t o  s a y  t h a t  o p e r a t i o n  a t  g r e a t  d e p t h  i n  
t h e  n e a r  f u t u r e  i s  i n e v i t a b l e .  I n  deep  m e t a l  mines ,  h e a t  t r a n s f e r  from 
t h e  e n c l o s i n g  s t r a t a  can  be s i g n i f i c a n t  and ,  c o n s e q u e n t l y ,  t e c h n i q u e s  
f o r  p r e d i c t i n g  a i r  t e m p e r a t u r e s  have been d e v e l o p e d .  The f i r s t  r e -  
qu i rement  i n  m a t h e m a t i c a l l y  f o r m u l a t i n g  h e a t  t r a n s f e r  problems i s  know- 
l e d g e  o f . t h e  t h e r m a l  p r o p e r t i e s  o f  t h e  s t ra ta  s u r r o u n d i n g  t h e  roadway 
o r  model area.  J o n e s  ( 7 1 ,  J o r d a n  ( 8 1 ,  and P a u l i n  (11) have p r e s e n t e d  
d e t a i l s  of m a t h e m a t i c a l  c o n s i d e r a t i o n s  which can  b e  t a k e n  t o  e s t i m a t e  
such  p a r a m e t e r s  i f  t h e  thermal  h i s t o r y  of  t h e  r e g i o n  i s  unknown. Ex- 
t e n s i v e  work i n  t h i s  a r e a  i s  r e p o r t e d  i n  S o u t h  A f r i c a  and i n  J a p a n ,  
Amano and Shigeno ( 3 )  and Vance and Kathage ( 1 5 ) .  

DUST I N  COAL MINES 

microns  (1 micron = 10-$cm) which become a i r b o r n e  when d i s s e m i n a t e d .  
During t h e  c o a l  winning  p r o c e s s ,  d u s t  i s  i n e v i t a b l y  g e n e r a t e d  by t h e  
mining  machines .  T r a n s f e r  p o i n t s  and t r a n s p o r t  s y s t e m s ,  and h i g h  a i r  
v e l o c i t i e s ,  c o n t r i b u t e  t o  t h e  d u s t  problem i n  t h e  mine roadways.  I n -  
a d e q u a t e  s u p p r e s s i o n  of c o a l  d u s t  can l e a d  t o  e x p l o s i o n  h a z a r d s  and 
t h e  c o a l  w o r k e r s '  pneumoconiosis .  Pneumoconiosis  i s  supposed  t o  b e  
caused  by t h e  i n h a l a t i o n  of r e s p i r a b l e  c o a l  d u s t  ( -10 m i c r o n )  f o r  ex-  
t e n d e d  p e r i o d s  o f  t i m e .  

I n  a d d i t i o n  t o  t h e  human s u f f e r i n g ,  c o s t  of compensa t ing  pneumo- 
c o n i o s i s  v i c t i m s  i s  h i g h .  For example,  i n  t h e  f i s c a l  y e a r  1972, t h e  
Department of HEW p r o v i d e d  $384 m i l l i o n  for  t h i s  c a u s e  which marked an 
i n c r e a s e  o f  $142 m i l l i o n  o v e r  t h e  1971 budget  ( 1 4 ) .  T h i s  c o s t  i s  e x p e c t e d  

Coal  d u s t  i s  d e f i n  d as any s o l i d  c o a l  p a r t i c l e s  s m a l l e r  t h a n  1 0 0  

'\ 
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t o  r i s e  even more s t e e p l y  i n  t h e  n e x t  few y e a r s  as more and more c o a l  
workers  become e l i g i b l e  f o r  compensa t ion  b e n e f i t s .  

I n  t h e  l i g h t  of  economics o f  r e m e d i a l  a c t i o n s  due t o  d u s t  h a z a r d s ,  
t h e  p r e d i c t i o n  o f  d u s t  c o n t e n t  i n  a i r  i s  v e r y  n e c e s s a r y  from h e a l t h  a n d  
s a f e t y  p o i n t s  of  v i e w .  The amount o f  c o a l  d u s t  d e p o s i t e d  a l o n g  t h e  mine 
roadways i s  of  paramount  i m p o r t a n c e  b e c a u s e  i t  s e r v e s  as t h e  a s s e s s m e n t  
o f  t h e  d u s t  e x p l o s i o n  h a z a r d ,  and it c a n  be used  t o  c a l c u l a t e  t h e  amount 
o f  i n c o m b u s t i b l e  d u s t  r e q u i r e d  f o r  r o c k - d u s t i n g .  Mechanisms of  d u s t  
d e p o s i t i o n  and q u a n t i t y  e s t i m a t i o n s  have been  d i s c u s s e d  a t  l e n g t h  ( 5 ) .  
Two p r o c e s s e s  have  been employed t o  c o n t r o l  d u s t  l e v e l s  a t  t h e  working 
f a c e .  These a r e  1) water s p r a y s ,  and 2 )  f a c e  v e n t i l a t i o n  t o  r e d u c e  t h e  
c o n c e n t r a t i o n  o f  r e s p i r a b l e  c o a l  d u s t .  Although water s p r a y s  r e d u c e  
d u s t  l o a d  handled  b y  v e n t i l a t i o n  s y s t e m s ,  t h e  c u r r e n t  s p r a y  t e c h n i q u e s  
are n o t  e f f e c t i v e  i n  t h e  c o n t r o l  of r e s p i r a b l e  d u s t  ( 5 ) .  C u r r e n t l y ,  
f a c e  v e n t i l a t i o n  i s  t h e  most commonly used p r o c e d u r e .  

A d u s t  c o n t r o l  program s h o u l d ,  t h e r e f o r e ,  be a b l e  t o  d e a l  e f f e c t i v e l y  
w i t h  b o t h  t h e  f i n e  and u l t r a - f i n e  d u s t  s i z e s .  Work i n  t h e  a r e a  o f  d u s t  
c h a r a c t e r i z a t i o n ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  s i z e - c o n s i s t ,  chemi- 
c a l  p r o p e r t i e s  i s  r e p o r t e d  ( 1 4 ) .  Under t h e  Coal  Mine H e a l t h  and S a f e t y  
Act of 1969 ,  r e s e a r c h  on  d u s t  c o n t r o l  h a s  a c c e l e r a t e d .  

H A Z A R D S  FROM DIESEL EQUIPMENT 

The p r i n c i p a l  h a z a r d s  o f  u s i n g  d i e s e l s  underground have been i d e n t i -  

1) The t r a n s p o r t a t i o n  and s t o r a g e  of a h i g h l y  flammable and 
v o l a t i l e  f u e l  w i t h  r e s u l t a n t  h a z a r d s  o f  f i r e  and/or  e x p l o s i o n s .  

2 )  Unheal thy c o n d i t i o n s  c a u s e d  by t h e  d i s c h a r g e  o f  t o x i c  sub-  
s t a n c e s  f rom t h e  e n g i n e  e x h a u s t .  

3 )  I g n i t i c n  of f lammable a tmospheres  b y  h o t  s u r f a c e s  of  t h e  
e n g i n e ,  s u c h  as e x h a u s t  m a n i f o l d  or by b u r n i n g  p a r t i c l e s  
o f  c a r b o n  from the  e x h a u s t  gas. 

It has been l o n g  e s t a b l i s h e d  from e n g i n e e r i n g  t e s t s  t h a t  d i e s e l  
e x h a u s t  q u a n t i t i e s  are r e l a t e d  t o  d i s p l a c e m e n t  and  speed  c h a r a c t e r i s t i c s  
o f  t h e  e n g i n e ,  t h e  d e s i g n  of t he  e n g i n e ,  and t h e  f u e l - a i r  r a t i o  needed 
t o  produce  u s e f u l  power.  It has a l so  been r e c o g n i z e d  t h a t  d i e s e l s  under  
p r o p e r  c o n t r o l  produce  o n l y  minor  amounts o f  t o x i c  and n o x i o u s  fumes a l -  
though t h e r e  i s  a n  i r r e d u c i b l e  l i m i t .  f'o? the ~ x h r ~ n ~ t  g z s e s .  T t c  c x -  
t a m i n a n t s  t h a t  are r e l e a s e d  i n t o  t h e  mine a tmosphere  must be d i l u t e d  
i m m e d i a t e l y  t o  minimize  l o c a l  c o n c e n t r a t i o n s .  F u r t h e r m o r e ,  s i n c e  mul- 
t i p l e  u n i t s  u s u a l l y  w i l l  b e  o p e r a t i n g  i n  t h e  same a i r  stream, t h e r e  i s  
a c u m u l a t i v e  e f f e c t  on contaminant  c o n c e n t r a t i o n s .  The r a t e  of con- 
t a m i n a t i o n ,  t h e r e f o r e ,  i s  r e l a t e d  t o  t h e  volume and v e l o c i t y  of t h e  
v e n t i l a t i n g  a i r ,  f r e q u e n c y  and d u r a t i o n  of  e n g i n e  o p e r a t i o n s ,  and en- 
g i n e  l o a d  and l o c a t i o n .  V e n t i l a t i o n ,  i n  a d d i t i o n ,  a f f e c t s  t h e  r a t e  a t  
which t h e  c o n t a m i n a t i o n  moves t h r o u g h  t h e  workings .  Because o f  Threshold  
L i m i t  Values  (TLVs)  and e x c u r s i o n  r a t e s  a l l o w e d  on some o f  t h e  contam- 
i n a n t s  , t h e  c a l c u l a t i o n s  f o r  v e n t i l a t i o n  r e q u i r e m e n t s  must t a k e  i n t o  
a c c o u n t  t h e  time v a r i a n t  c h a r a c t e r i s t i c s  of t h e  contaminant  c o n c e n t r a -  
t i o n s  and average  them o v e r  t h e  e n t i r e  o p e r a t i n g  p e r i o d  o f  t h e  mine. 
The o b j e c t i v e  of a r e s e a r c h  program a t  Penn S t a t e  i s  t h e  development  o f  
a d i g i t a l  s i m u l a t i o n  model  t o  s t u d y  t h e  e f f e c t  of u s i n g  d i e s e l s  under-  
ground on mine v e n t i l a t i o n  s y s t e m s  ( 1 6 ) .  

f i e d  as: 
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SUMMARY 

\ I n  i t s  most e l e m e n t a r y  form,  c o a l  min ing  is materials h a n d l i n g  and 
c o n s i s t s  o f  removing i n - s i t u  c o a l  f rom m u l t i p l e  mine o r i g i n s  t o  f i n a l  
d e s t i n a t i o n s .  There  a r e  c e r t a i n  s p e c i a l  e n v i r o n m e n t a l  c o n s i d e r a t i o n s  
p e c u l i a r  t o  underground mining .  These i n c l u d e  t h e  problems of t o x i c ,  
n o x i o u s ,  and e x p l o s i v e  a tmospheres  caused  by g a s e s  and d u s t .  A funda-  
m e n t a l  o b j e c t i v e  of a mine v e n t i l a t i o n  s y s t e m  i s  t o  s u p p l y  t h e  mine e n -  
v i ronment  w i t h  a n  a d e q u a t e  q u a n t i t y  of uncontaminated  f r e s h  a i r  t o  d e a l  
w i th  t h e  c o n t r o l  o f  r e s p i r a b l e  and e x p l o s i v e  c o n t a m i n a n t s  and  t o  Pro-  
v i d e  f o r  t h e  h e a l t h  and s a f e t y  of t h e  workmen. T h i s  p a p e r  has b r i e f l y  
rev iewed some r e c e n t  r e s e a r c h  programs p r e s e n t l y  underway i n  t h e  mine 
v e n t i l a t i o n  a r e a .  

It i s  d i f f i c u l t  t o  q u o t e  a n  a v e r a g e  c u b i c  f e e t  p e r  m i n u t e  v e n t i l a -  
t i o n  f i g u r e  f o r  c o a l  mines .  The weighted  f i g u r e  i s  unknown and r e a l l y  
h a s  no s i g n i f i c a n c e .  However, i n  a modern c o a l  mine, f o r  e a c h  t o n  o f  
c o a l  produced e a c h  d a y ,  on a n  a v e r a g e ,  4-6 t o n s  of  a i r  i s  c i r c u l a t e d .  
S i m i l a r l y ,  c o s t  f i g u r e s  a r e  very  d i f f i c u l t  t o  o b t a i n  from t h e  i n d u s t r y  
because  of  t he  c o n c e r n  f o r  r e l e a s i n g  p r o p r i e t a r y  i n f o r m a t i o n .  A l s o ,  
a c c o u n t i n g  p r i n c i p l e s  v a r y  from one mine t o  a n o t h e r  t o  make comparisons 
l ess  meaningfu l .  However, as  a t y p i c a l  f i g u r e  f o r  a group of mines ,  
o p e r a t i n g  c o s t s  are  156 p e r  t o n  and c a p i t a l  c o s t s  2 5 6  p e r  t o n ,  a c c o u n t i n g  
f o r  about  6 1  o f  t h e  t o t a l  c o s t s .  However, t h e  i n d i r e c t  c o s t s  of mine 
v e n t i l a t i o n ,  though d i f f i c u l t  t o  a s c e r t a i n ,  c a n  be q u i t e  h i g h .  Severe  
d i s r u p t i o n  of work and l o s s e s  i n  p r o d u c t i o n  cannot  be r u l e d  o u t .  I n  
any c a s e ,  t h e  end r e s u l t s  of i n a d e q u a t e  c o n t r o l  i n  mine v e n t i l a t i o n  can  
be  sudden and c a t a s t r o p h i c  e . g . ,  e x p l o s i o n s ,  i g n i t i o n s ,  f i r e s ,  s u f -  
f o c a t i o n s ,  e t c .  

Much r e s e a r c h  - t h e o r e t i c a l ,  e m p i r i c a l ,  l a b o r a t o r y ,  and f i e l d  
s t u d i e s  - h a s  been done and i s  b e i n g  done toward t h e  i d e n t i f i c a t i o n  and 
q u a n t i f i c a t i o n  of  t h e  h a z a r d s  posed by  i n a d e q u a t e  v e n t i l a t i o n .  Model 
s t u d i e s  of g a s  and h e a t  f low problems p r o v i d e  t h e  n e c e s s a r y  i n p u t  para-  
m e t e r s  t o  s o p h i s t i c a t e d  q u a n t i t y  and q u a l i t y  c o n t r o l  models .  Research 
e f f o r t s  are  a l s o  aimed a t  t h e  d e t e r m i n a t i o n  o f  s u i t a b l e  p a r a m e t e r s  f o r  
p r o c e s s  c o n t r o l ,  t h e i r  r a n g e  o f  o p e r a t i o n s ,  t h e  development  of remote  
s e n s i n g  and m o n i t o r i n g  equipment ,  c h o i c e  of m o n i t o r i n g  s i t e s ,  e t c .  I n  
t h e  f u t u r e ,  i t  i s  n o t  d i f f i c u l t  t o  f o r e s e e  a h i g h l y  s e n s i t i v e  m o n i t o r i n g  
sys tem coupled  t o  computers  t h a t  a r e  programmed f o r  a u t o m a t i c  c o r r e c t i v e  
a c t i o n .  
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